It has been recognized for more than a century that most tumors tend to become more aggressive in clinical behavior over time, although this time course may be variable. This phenomenon has been termed "cancer progression," a process that appears to develop in a stepwise fashion through qualitatively different stages. Cancer progression relies on the ability of neoplastic cells to abandon their primary site of accretion, trespass tissue boundaries, and penetrate into the vasculature to colonize and repopulate distant sites. Among the various properties associated with cancer progression, the acquisition by neoplastic cells of the capacity to invade locally and to metastasize is of great clinical significance, and is still the fundamental definition of malignancy. This process represents the aberrant counterpart of a physiological morphogenetic program, known as invasive growth, occurring during embryo development and, in some instances, in adulthood for the generation and maintenance of normal organ complexity and architecture. Here we summarize some of the strategies adopted to inhibit cancer cell growth and spreading. We also review the current findings about cancer and metastasis inhibitors. As we suggest possible directions for drug development, we propose the receptor for the hepatocyte growth factor, Met, as an ideal target for tackling cancer progression.-Mazzone, M., Comoglio, P. M. The Met pathway: master switch and drug target in cancer progression. FASEB J. 20, 1611-1621 (2006) 
Cancer progression is a well-characterized phenomenon that has been studied intensively over the past decade (1) . Genetic events like inactivating mutations of tumor suppressor genes (e.g., p53, Rb) or activating alterations of dominant proto-oncogenes (e.g., Ras, Myc) are required for the beginning of neoplastic progression (2, 3) . These events generate genomic instability, release a cell from normal growth constraints, and enable primary tumor formation. To grow beyond a minimal size, the primary tumor needs to develop a blood supply that can support its metabolic needs. This process, called angiogenesis, is mediated by the expression of angiogenic factors (such as the vascular endothelial growth factor, or VEGF) that stimulate the formation of new vessels. Subsequently, individual tumor cells break off from the primary tumor mass, degrade extracellular matrix (ECM), invade the surrounding normal tissue, and enter the blood or lymphatic circulation. Intravasated cells have to survive in the systemic stream and overcome the apoptotic program normally recruited by cells in absence of anchorage ("anoikis"). This complex process requires the concerted action of numerous factors including proteolytic enzymes (e.g., matrix metalloproteases, urokinase-like plasminogen activator, catepsins), cell adhesion molecules, tumor growth factors, and suppressors of apoptotic signals (e.g., BclII). Circulating tumor cells should then arrest in a distant organ and extravasate. Since the new microenvironment of the metastatic site differs from that of primary tumors, cancer cells might die or survive. In case of survival, there are two possible outcomes: when proliferation is balanced by the apoptotic rate, cancer cells establish clinically undetectable dormant micrometastasis. Otherwise tumor cells can generate macrometastases that resume the previously described progression and represent-from a clinical viewpoint-the Achilles' heel of cancer therapy (1, 4) . Indeed, when cancer is detected at an early stage, patients have a good chance of successful cure by conventional treatments such as surgery, radiotherapy, and chemotherapy. In contrast, spreading of cancer cells from the primary tumor toward distant sites correlates with poor prognosis. For most cancer types, the acquisition of metastatic ability leads to therapeutic failure and clinically untreatable disease. Metastasis-the final step of malignancy-is often the main cause of death for cancer patients.
INVASIVE GROWTH IS A PHYSIOLOGICAL PROGRAM
The above multistep program toward malignancy is conventionally termed invasive growth (5 growth does not occur only in cancer cells, but also takes place in physiological conditions such as embryo development and organ formation (Fig. 1) . During embryogenesis, invasive growth is involved in complex developmental events including morphogenesis of epithelia, angiogenesis, nerve sprouting, and myoblast migration. Indeed, these events occur when embryonic cells proliferate, survive, migrate, invade the matrix, and polarize, rearranging themselves into 3-dimensional structures. In adult life, epithelial cells also exploit the invasive growth program for wound healing, when cells at the wound edge start dividing and moving over the temporary matrix to regenerate tissue integrity. The mechanism on which these physiological events are based is named epithelial-mesenchymal transition (EMT). EMT is an orchestrated series of events in which cell-cell and cell-extracellular matrix interactions are altered to release epithelial cells from the surrounding tissue. The cytoskeleton is rearranged to confer the ability to move through the extracellular environment, and a new transcriptional program is induced to maintain the mesenchymal phenotype. This dramatic reshaping is accompanied by loss of E-cadherin-mediated intercellular junctions and enhanced production of matrix proteases, which digest basal lamina components and facilitate cell motility. During this phase, invading cells must induce a constant and dynamic remodeling of integrin-mediated adhesive contacts with the extracellular cell matrix, which provides a mechanical support for cell migration and prevents the induction of apoptosis (1, 6) . In mammals, EMT plays a role in many stages of development, including gastrulation, in which the embryonic epithelium gives rise to the mesoderm, and in delamination of the neural crest, which produces a population of highly mobile cells that migrate to and are incorporated into many different tissues (7, 8) . Once migrated to their target destinations, the cells may revert to their original epithelial phenotype through a mirror process known as mesenchymal-epithelial transition. Essential for development, EMT is nevertheless potentially destructive if aberrantly activated, and it is becoming increasingly clear that inappropriate utilization of EMT mechanisms is an integral component of the progression of many tumors of epithelial tissues (9 -11) . During tumor progression-from benign lesion to malignancy-cells that have acquired EMT can disseminate and form metastatic lesions. Strikingly, in the established metastases the EMT process could be reverted, recapitulating the differentiated phenotype of primary tumors (12) (13) (14) . After this reversion, the metastasis-in a loop fashioncan undergo another EMT, giving rise to a lesion that is often significantly different from the primary tumor ( Fig. 1) . Here, we propose that tumor progression, and metastasis formation in particular, results from the deregulated activation of invasive growth.
INVASIVE GROWTH IS CONTROLLED BY GROWTH FACTORS
Several cytokines and growth factors can induce proliferation, differentiation, chemotaxis, migration, and protection from apoptosis. For example, epidermal growth factor (EGF), insulin-like growth factor-1 (IGF-1), fibroblast growth factor (FGF), and ephrins (EphA1, EphB1) promote cell growth, motility, and survival in some cell types, although to different extents and under defined experimental conditions. However, spatial and chronological orchestration of the various steps of this program are optimally accomplished by a family of soluble growth factors, known as scatter factors (15, 16) . Hepatocyte growth factor (HGF/SF1) Figure 1 . Invasive growth is a physiological program aberrantly activated during cancer progression. Invasive growth is a physiological program that results from the integration of different biological activities, including cell proliferation, survival, cell-cell dissociation ("scattering"), migration, invasion, and morphogenesis. Normally occurring in development and adulthood for the generation and maintenance of organ complexity and architecture, it is aberrantly recruited by cancer cells during tumor progression. By acquisition of genetic alterations, a normal epithelial cell is transformed into a cancer cell. Through a mechanism known as epithelialmesenchymal transition (E.M.T.), cancer cells acquire a metastatic phenotype. Metastatic cells reach a secondary site via blood or lymphatic vessels. Strikingly, in the established metastases, the EMT process could be reverted through a mesenchymal-epithelial transition (M.E.T.). After this reversion, the metastasis-in a loop fashion-can undergo another EMT, giving rise to a lesion, which is often significantly different from the primary tumor. and macrophage stimulating protein (MSP/SF2) belong to this family. In the late 1980s, Stoker showed that Madin-Darby canine kidney (MDCK) cells-a polarized epithelial cell line-displayed a fibroblastic migratory phenotype when incubated with conditioned medium from cultured fibroblasts (17) . The factor involved in this transition, first called scatter factor, was later identified as HGF (18) . Under physiological conditions, HGF and its receptor, Met (19) , are essential for embryo development. In fact, Met-dependent invasive growth program is implicated in several embryogenetic processes, such as muscle development, nervous system formation, bone remodeling, and angiogenesis (20) . Mice that carry a homozygous mutation of either hgf or met die in utero because of severe defects during placental and liver development, and are devoid of muscles that derive from the migratory myogenic precursors that detach from the myotome (21, 22) . In adulthood, the epithelial-mesenchymal transition promoted by HGF/Met has a crucial role during acute injury repair inducing cell migration toward the wounded area (23) (24) (25) . When aberrantly activated, Met signaling causes cellular transformation, whereas its ability to enhance motility and survival accounts for neoplastic invasion and metastasis (5) . Overexpressed or mutated Met requires ligand stimulation in order to unleash its transforming potential (26 -28) . Recently, a link has been demonstrated between Met oncogene activation, cell transformation, and hemostasis. Oncogenic activation of Met triggers a genetic program that not only transforms cells but also creates a rudimentary scaffold of fibrin that is an absolute requirement for supporting the expansion of the tumor itself and the incoming new vessels (29, 30) . Many data provide strong evidence that HGF/Met signaling plays a crucial role in tumor development and malignant progression, particularly in tumor invasiveness and metastatic potential. First, cell lines that ectopically overexpress HGF or Met become tumorigenic and metastatic in nude mice (26) . Second, the tumorigenic potential of endogenously Met expressing cancer cells is decreased when Met is downregulated (31). Third, HGF or Met transgenic mice are characterized by the appearance of metastatic tumors (32) . Notably, Met overexpression has been detected in many different solid tumors and correlates with a poor prognosis (33) (34) (35) . Finally, Met germline missense mutations are responsible for hereditary papillary renal carcinoma (36) , while somatic mutations have been reported in malignant pleural mesothelioma (37), lung cancer (38) , and head and neck squamous cell carcinomas (39) . Somatic mutations in met gene are selected during metastatic spread and have been identified in association with the progression to metastasis (39 -41) .
It would be too simplistic to consider Met the only regulator of invasive growth. For example, the Wnt pathway represents a well characterized and representative signal for which the aberrant activation-observed in a wide variety of cancer types, including those of the colon, prostate, ovary-reflects the same cascade physiologically turned on during embryo development (42) . Through the binding to Frizzled receptors, Wnt promotes self-renewal of somatic stem cells, as well as neoplastic proliferation in the same tissue when deregulated (43) . In colorectal cancer, nuclear localization of ␤-catenin, a good marker of active Wnt signaling, has a very heterogeneous pattern in tumor cells reflecting the heterogeneity of tumor cell differentiation, both within an individual tumor and in different phases of progression from adenoma to carcinoma (13, 44) . High levels of nuclear ␤-catenin are found prevalently in dissociated, dedifferentiated tumor cells that are at the tumor-host interface that have undergone EMT. Conversely, nuclear ␤-catenin decreases to central and differentiated areas of the tumor. From a temporal viewpoint, nuclear ␤-catenin increases during the progression from adenoma to carcinoma. It is noteworthy that ␤-catenin nuclear accumulation, following Wnt deregulation, is not sufficient to initiate EMT and produce a metastatic tumor phenotype. However, Wnt and Met signaling can act in a synergistic manner to promote EMT, increasing cell transformation and invasive behavior. It is also known that Met is transcriptionally induced by ␤-catenin (45) and Met itself promotes Wnt-independent nuclear translocation of ␤-catenin If several signals are required to allow cell escape, other molecules that are present in specific organs can influence whether or not various types of cancer cells will grow there. The pattern of chemokine receptors expressed on tumor cells correlates with chemokines themselves specifically produced in organs to which these cancers commonly metastasize. For example, both breast cancer cell lines and primary breast tumors were found to express the chemokine receptors CXCR4 and CCR7 at high levels. The specific ligands for these receptors-CXCL12 and CCL21-are found at high levels in lymph nodes, lung, liver, and bone marrow, all organs to which breast tumors often metastasize. Furthermore, blocking CXCR4 inhibits breast cancer cell metastatization in tumor mouse models (48, 49) .
Chemokines and growth factors influence the environment where the tumor grows, and may drive tumor cell potency toward the multistep progression of cancer. In other words the quality of the "soil" is crucial for the growth of the "seed" (50) .
CROSSTALK BETWEEN GROWTH FACTOR RECEPTOR AND ADHESIVE MOLECULES
The binding of a soluble ligand to its specific receptor is only one way to trigger the activation of the invasive program. During tumor progression, specific integrin signals enable cancer cells to detach from neighboring cells, reorientate their polarity during migration, and survive and proliferate in foreign microenvironments. Integrins transmit both mechanical and chemical signals that are essential during both normal and neoplastic cell migration. There is a body of evidence demonstrating that integrin-mediated cell migration signals require the focal adhesion kinase (FAK). It has been shown that cells from FAK-deficient mice display reduced cell motility (51) . Notably, many metastatic human cancers have elevated levels of FAK (52) . The role of FAK in cell migration is to recruit in an integrin-dependent manner Src family kinases and position them close to effectors that are crucial for cell migration, thereby contributing to the initial assembly of focal adhesion scaffolding (53) . Moreover, FAK seems to integrate growth factor and integrin signals to promote cell migration (54) . As well as imparting polarity to cells and organizing and remodelling their cytoskeleton during adhesion and migration, pathways activated by integrins exert a stringent control on cell survival and proliferation (55) . For example, the expression pattern of integrin ␣ 6 ␤ 4 implies that this molecule controls proliferation of normal epithelial cells in the basal cell compartment (56) . In accordance, ␣ 6 ␤ 4 and its ligand, laminin-5, are required for Rasmediated transformation of keratinocytes (57) . Introduction of ␤ 4 in ␤ 4 -negative breast carcinoma cells activates signaling from phosphatidylinositol 3-kinase (PI3K) to Rac and increases the invasive ability of these cells in vitro (58) Moreover, there is increasing evidence that certain integrins associate with receptor tyrosine kinases (RTKs) to activate signaling pathways necessary for tumor and invasion. Recently it has been demonstrated that HGF increases cell adhesion on all substrates, irrespective of the specific integrins engaged, and that the strength of the adhesion correlates with cell scattering (59) . In addition, it is known that ␤ 4 tail functions as an adaptor and amplifier of proinvasive signals that are elicited by the HGF receptor. The effects of the oncogenic amplification of Met signaling in some carcinoma cells are independent of adhesion to laminin-5 (60). This implies that constitutive activation of ␣ 6 ␤ 4 associated to Met causes ECM-independent signaling that gives an invasive phenotype to nonmetastatic cells and unleashes Met-dependent tumorigenesis (60, 61) .
INTRACELLULAR TRANSDUCTION OF INVASIVE SIGNALS
Despite the existence of different receptor families for adhesive cues and cytokines, studies of signal transduction have revealed that the same pool of interactors can be activated by unrelated receptors. Ideally, the intrinsic features of the receptors and the cellular context in which they function should cooperate to generate an unequivocal biological response (62) . How are all these extracellular signals converted into cellular responses? To simplify the complexity of signal transduction in invasive cells, we can distinguish an early and a late response, the first being transcription independent whereas the second requires transcription. Boyer et al. showed that dominant-negative Src or Ras abrogates EGF-induced EMT in NBT-II epithelial carcinoma cells, suggesting that Ras and Src are required for cell dispersion. However, inhibition of RNA synthesis represses the ability of the active Ras but not Src to induce epithelial cell scattering. In contrast to Ras, Src kinases may control epithelial cell dispersion in the absence of gene expression by directly regulating the organization of the cortical cytoskeleton (63) . One of the main targets of the dual regulation (transcriptional and post-transcriptional) during cytoskeleton rearrangement and cell reshaping is E-cadherin, an essential molecule in cell-cell adhesion. Loss of E-cadherinmediated adhesion is required for malignant conversion (64) . It is known that cell-cell adhesion can be disrupted by two mechanisms. First, activated RTKs and Src induce tyrosine phosphorylation of the E-cadherin complex. After tyrosine phosphorylation, the E-cadherin is recognized by the Cbl-like E3ubiquitin protein ligase Hakai and consequently down-regulated by endocytosis (65) . Second, cell signaling operates through transcription factors to suppress E-cadherin expression and thereby disrupt adherens junctions (66) . In certain epithelial cells, this process seems to be mediated by integrin-linked kinases (67) as well as RTKs (68) .
The transcriptional response has been studied with controversial findings in recentyears thanks to microarray analysis in vitro on cell lines and on tumor samples collected from patients whose cancer stage was known. Gene expression profiling has provided new information on the biology of metastasis. Studies of breast cancer identified a gene expression signature strongly predictive of a short time interval to distant metastases in patients without tumor cells in local lymph nodes at diagnosis (69) . Another recent paper has compared the gene expression profiles of 12 metastatic adenocarcinomas of diverse origin (lung, breast, prostate, colorectal, uterus, ovary) with those of 64 primary adenocarcinomas representing the same tumor types obtained from different individuals (70) . This comparison identified an expression pattern of 128 genes that best distinguished primary and metastatic adenocarcinomas. None of the genes associated with metastasis represents an individual marker; rather, it is the total signature that seems to contain predictive information. These results argue for generic gene expression programs related to metastasis rather than distinct mechanism of metastases in different tumors. Many genes up-regulated in the signature are components of the protein transcriptional apparatus, consistent with reports of (10, 11, (71) (72) (73) . Conversely, NBT-II cells transfected with antisense Slug cDNA were refractory to EMT induction by HGF/SF (74), which not by chance we elected as the master switch of invasive growth. Moreover, silencing of Slug or Twist in cancer cells prevents metastases without affecting primary tumor growth, suggesting they are key components of the metastatic program (11, 73, 75) . Even if the contribution of these transcriptional factors to metastasis is the promotion of EMT, the list of controlled genes contains disparate classes of targets: small GTPases (e.g., RhoC), tyrosine kinase receptors (e.g., Met), angiogenic and growth factors (e.g., VEGF), metalloproteinases (e.g., MMP3, MMP9) and matrix remodelling proteins (e.g., urokinase type plasminogen activator, uPA), cell-cell and cell-matrix adhesion proteins (E-cadherin and integrins), matrix proteins (e.g., osteopontin), chemokines, and chemokine receptor (e.g., CXCR3) and others (70, 76, 77) . We think that transcriptional regulation of genes involved in the invasive growth signature provides an initial consensus for the onset of the biological program, a sort of "wake-up call." But the definition of the "program" imposes that the initial enabling transcriptional response must be accompanied by the spatial and temporal coordination of extracellular signals, receptors, and specific transducers to drive full invasive growth. A recent work shows that primary human melanocytes, transformed by a specific set of genes, form melanomas that frequently metastasize to multiple secondary sites, whereas human fibroblasts and epithelial cells transformed with the same genes generate primary tumors that rarely metastasize (74) . Moreover, the expression profile of genes associated with neural crest migration-from where melanocytes origin-correlates with that of adult human nevi (78, 79) . These observations support the idea that part of the metastatic proclivity of cancer is attributable to lineage-specific factors present before neoplastic transformation, such as during physiological processes in embryogenesis.
THE ROLE OF THE MICROENVIRONMENT DURING INVASIVE GROWTH
Tumor mass is composed of more than just cancer cells. Endothelial cells, pericytes, stromal cells, and immune cells also surround cancer cells and influence each others' development (Fig. 2) . Crosstalk between carcinoma cells and host stromal cells such as fibroblasts has a great influence on the invasive and metastatic behavior of cancer cells. A crucial role in this dialogue is played by the HGF/Met pathway. Indeed, several types of cancer cells secrete molecules that enhance HGF production in fibroblasts, while fibroblast-derived HGF in turn is a potent stimulator of the invasion of cancer cells. Fibroblast-specific genetic alterations leading to an overexpression of HGF are associated with the development of epithelial neoplasia and invasive carcinoma, demonstrating the prooncogenic action of fibroblasts (80, 81) . Besides fibroblasts, cells of the immune system represent an important fraction of the nonneoplastic component of the tumor mass. Infiltrating macrophages and lymphocytes may not only be antitumorigenic, but simultaneously support cancer progression by secreting EMT-inducing cytokines, angiogenic factor, and ECM proteases (82) . One of the most important environmental elements within the tumor mass is represented by blood vessels (83) . To obtain nutrients for their growth and to metastasize to distant organs, cancer cells recruit both endothelial cells from the bone marrow (vasculogenesis) and new vessels, sprouting from existing ones (angiogenesis). Although both processes are involved, vasculogenesis plays a very small part in tumor vascularization. Both events are primarily controlled by VEGF but additional proangiogenic factors, including HGF, FGF-1, FGF-2, platelet- derived growth factor (PDGF), placental-derived growth factor (PlGF); angiogenic inhibitors, such as thrombospondin-1, also exert an essential role. Recent data support the idea that the generation of new lymphatic vessels (lymphangiogenesis) within the tumor mass represents an alternative route for cell escaping (84) . VEGF-C and VEGF-D have been shown to stimulate lymphangiogenesis specifically, and blocking their receptor, VEGFR-3,, inhibits lymphogenous metastases (85) . During cancer progression, the balance between pro-and anti-angiogenic factors tilts in favor of the stimulators. The resulting vasculature is structurally and functionally abnormal. Vessels are leaky, tortuous, discontinuous, highly disorganized, and permeable. Endothelial cells have aberrant morphology, pericytes are loosely attached or absent, and the basement membrane is often abnormal or entirely absent. Collectively these vascular abnormalities lead to an abnormal tumor microenvironment characterized by interstitial hypertension, acidosis, and hypoxia (81) . Among these consequences, hypoxia seems to be associated with higher tumor malignancy, with increased metastatic potential and resistance to therapies (86 -88) . The biological parameters of hypoxic tumor cells are closely related to altered gene expression under conditions of oxygen deficiency. Hypoxia-inducible factor 1 (HIF-1) is a master transcription factor that plays a central role in hypoxic expression of a variety of genes. Glycolytic enzymes, such as aldolase, hexokinase, and lactate dehydrogenase; glucose (Glc) transporters such as glc transporter (GLUT)-1 and 3; angiogenic molecules, such as VEGF and angiogenin; survival and growth factors such as PDGF-B and IGF-II; proteins involved in the ECM degradation such as MMP-2 and uPA receptor; and drug resistance proteins such as MDR-1 are an exemplificative panel of hypoxia-induced responsive genes (89) . Recently it was demonstrated that hypoxia induces the expression of Met. It has been shown that Met is up-regulated in hypoxic regions of human tumor, sensitizing tumor cells to HGF stimulation (90) . In other words, hypoxia synergizes with HGF in inducing invasion.
All these data suggest that tumor microenvironment, rather than being a passive tumor scaffold, plays an active role in cancer progression.
THERAPEUTIC IMPLICATIONS: CAN INVASIVE GROWTH BE TARGETED?
Knowledge of the basis of invasive growth and tumor progression has led us to significant gains in cancer therapeutics during the last decade (91, 92) . The most important therapeutic advances have come from agents targeting proteins encoded by genes that are altered in cancers. These include trastuzumab (Herceptin TM ), an antibody (Ab) against the product of the erbB2 gene amplified in some breast cancers; imatinib (Gleevec   TM   ) , an inhibitor of tyrosine kinases altered in chronic myelogenous leukemia, like Bcr/Abl fusion protein; and gastro-
Though none of these therapeutic tools have resulted in the cure of patients with advanced disease, they can substantially improve prognosis and prolong lives. According to the previous excursion on cancer progression and invasive growth, therapeutic drugs that have been and will be developed in the future have one or more of these three possible targets: the microenvironment, receptorbased signals, and signal transducers (early and late effectors as mentioned above) (Fig. 2) .
About the possibility to target the microenvironment, many attempts have been made to destroy tumor vascularization (93) ) and the anti-endothelium drugs (combretastatins), have been completed. The latter are not antiangiogenic, but rather vascular disrupting agents aimed at causing the rapid and selective shutdown of the established, but disorganized, tumor vasculature (94) . However, all these agents might induce an adaptive tumor remodeling that select more aggressive and therapy-resistant cells, with consequent failure of the therapeutical approach. The mirror therapeutical strategy is to target hypoxia (95, 96) . Its master regulator, HIF-1, induces the transcription of genes that are involved in crucial aspects of cancer biology. HIF-1␣ overexpression has been associated with increased patient mortality in several cancer types (97) . In preclinical studies, inhibition of HIF-1 activity has marked effects on tumor growth. One of these studies has led to the discovery of a small molecule, chetomin, as a disrupter of HIF binding to the transcriptional coactivator p300 necessary for the transcriptional response (98) . Systemic administration of chetomin inhibited hypoxia-inducible transcription within tumors and inhibited primary tumor growth.
Inhibitors of signal transducers or public intracellular signals seem to be as ineffective as unspecific. First, downstream molecules are active in normal tissues and are necessary to normal physiology. Second, specific biological cues are transduced by many downstream effectors. For example, Met recruits a wide spectrum of downstream signaling molecules including PI3K, the GRB2/SOS complex, Src, the transcription factor STAT3, and the adaptors Shc and Gab-1 that provide additional docking sites for many signaling molecules. Conversely, an effector can be downstream of many pathways (for instance, Src is activated by RTKs, Gprotein-associated receptors, and integrins). The result is that the inhibition of downstream effectors does not necessarily result in the complete pathway arrest, but nevertheless can disturb vital biological cues. Clinical application of effectors' inhibitors has to monitor toxicity, assuming that the therapy is suitable. Moreover, there is evidence supporting the idea that effective inhibition should involve multiple inhibitors. After many years of frustrating investigation, Src has recently become a target for drug therapy. Because it is commonly activated, but never mutated, in a large number of human cancers and because its mechanisms of activation are now better understood, drug development programs have been able to inhibit Src activity (99) . Numerous inhibitors of Src kinase activity are entering early Phase I trials or are in preclinical trials, including compounds developed by Wyeth (SKI-606 TM ) and Sugen (SU6656 TM ) and by Ariad Pharmaceuticals (AP23464 TM ). Its effect on human cancer cells seems to be growth inhibitory. However, the fact that the noncatalytic domains of Src might cause integrin assembly indicates that Src inhibition, by targeting the kinase domain, could only be partially effective (100) . Moreover, recent data indicate that simultaneous targeting of Src and FAK is even more effective in promoting apoptosis of cancer cells, and raises the potential for combined therapy strategies (101) .
Our feeling is that receptor-based signal inhibition appears the most promising approach to develop cancer therapeutics. First, key regulators of invasive growth have been identified. Second, blocking receptor-based signals results in the inhibition of the entire downstream pathway. Third, invasive signals are specific by definition, in contrast to the more versatile downstream effectors. Accordingly, during much effort has been efficiently devoted to target receptor-based signals for cancer therapy, and several small molecules, antibodies and recombinant proteins have been developed and tested in preclinical and clinical studies (2, 92, 102) .
MET IS AN IDEAL PHARMACOLOGICAL TARGET FOR CANCER PROGRESSION
As mentioned, clinical data have indicated that tumor RTK-targeted therapies (e.g., Herceptin, Gleevec, Iressa, Tarceva) have an effective response in patients that exhibit genetic alteration (mutation or amplification) of their targets. Conversely, invasive signaling such as that of HGF/Met seems to be an ideal target for cancer therapy even in the absence of genetic alteration (Fig. 3) . Indeed, the role of Met in EMT and cancer progression, its relevance in angiogenesis and in the crosstalk between tumor cells and microenviroment, the broad expression of both the ligand and receptor, the numerous mechanisms by which this target can be activated, also independently from HGF (103-106, 60, 61) , and lack of redundancy within the subfamily support this idea. However, mutations or gene amplification of Met in selected clinical populations suggest that certain patients may be exquisitely sensitive to targeted therapy (107) . In recent years multiple approaches have been attempted to inhibit Met (31, 108) . All the molecules tested can be divided into three classes: 1) kinase inhibitors, 2) HGF inhibitors, and 3) receptor competitors. Small molecules that prevent ATP binding to Met, such as SU11274 TM , K52a, PHA-665752 TM (109 -111) , are more suitable from a pharmacological point of view, but their specificity represents a major problem. Moreover, they inhibit kinase-dependent Met activation only. Neutralizing antibodies anti-HGF (112), NK4 HGF (113) , and an uncleavable form of HGF (114) belong to the category of HGF inhibitors. Their limit is that they block HGFdependent Met activation only. Recently it emerged that the best way to block HGF/Met-induced invasive program is the competition with Met receptor itself (27, Figure 3 . Met is an ideal pharmacological target for cancer therapy. Met, as a master regulator of invasive growth, elicits different biological activities including cell proliferation, survival, cell-cell dissociation (scattering), migration, invasion, and morphogenesis. Met pathway has been well studied and resumes the possibility to be blocked at each therapeutic level. Indeed, it is specifically activated by its soluble ligand, hepatocyte growth factor (HGF), even if several transmembrane molecules interact with it (receptors, like Ron and EGF receptor, B plexins, adhesive receptors like integrins, and CD44). Met docking site is responsible for the recruitment of a wide spectrum of downstream signal transducers including phosphatidylinositol 3-kinase (PI3K), the GRB2/SOS complex, the nonreceptor tyrosine kinase Src, the adapters Shc and Gab-1, and the transcriptional factor STAT3. Moreover, an environmental condition like hypoxia induces HIF-mediated Met gene transcription. At the same time, Met activation modifies tumor microenvironment since HGF is a potent angiogenic factor. A link between Met oncogene activation, cell transformation, and hemostasis was shown recently. Oncogenic activation of Met creates an extracellular environment that is fertile for tumor cell expansion and invasion by inducing the formation of a temporary scaffold of fibrin. Much effort has been undertaken to study inhibitors that block Met pathway in each point of this cascade (31, 108) . 115, 116) . Accordingly, RNA interference reveals that ligand-independent Met activity is required for tumor cell signaling and survival (117) . Two works show that not only the full-sized extracellular portion of Met, but also the sole SEMA domain from the extracellular portion are sufficient to block receptor dimerization and activation (115, 116) . In our lab we engineered a soluble form of Met, Decoy Met, demonstrating that it inhibits Met activation mediated by both HGF and HGF-independent mechanisms, such as overexpression or oncogenic point mutation (116, 103-106, 60, 61) . In mice, Decoy Met impairs both tumor cell expansion and tumor angiogenesis, leading to tumor growth inhibition and metastasis prevention. It is noteworthy that the targeted tumor models do not require Met gene mutation or overexpression. A recent publication reinforces our data demonstrating that a monoclonal antibody (mAb), DN30, against the extracellular portion of Met induces Met shedding and hampers biological activity both in vitro and in vivo. The shed Met extracellular portion is responsible of preventing Met activation, acting as a decoy (118) .
If tumor progression arises from the activation of the same biological program that maintains normal organ complexity and architecture, will therapies directed against these pathways have toxic side effects? In our experiments mice expressing high plasmatic concentrations of Decoy Met display very few side effects, if any. Consistent with a role of the cytokine in hemopoiesis (119), HGF and its antagonist, Decoy Met, respectively decreased and increased apoptotic index in the bone marrow compartment, where tissue homeostasis and self-renewal are intensively active in adulthood. The differential effect of HGF/Met inhibition on tumor vs. normal tissues can easily be explained by-and is a reasonable proof of-the hypothesis that tumors are nothing but "miniorgans" attempting to organize themselves and expand (120) . With regard to this concept, hgf or met knockout mice die in utero due to liver failure and placental defects resulting from impaired trophoblast invasion of uterine matrix and abnormal vascularization of corial villi (21, 22, 121) . Conversely, hepatospecific conditional knockout mice show that Met is not required for liver physiology after birth (122, 123) . Thus, HGF-mediated invasive cues are essential during embryonic organ formation, but may be dispensable under normal circumstances in the adult unless a tumor "smartly" resumes a discontinued genetic program to establish itself and its progeny into the host organism. The observed effect on bone marrow apoptotic index-significant but compensable-suggests that the extent to which a normal cell population relies on particular signaling pathways depends on the mitotic activity of the cells, the amount of regenerative activity in the tissue and the stage of development, among other things. Therefore, tumors seem likely to be more dependent on some pathways than normal tissues, even if the pathways are active in both.
FUTURE PERSPECTIVE
Met is an exciting novel drug target due to the success observed in preclinical studies, its demonstrated role in experimental oncogenesis, and its deregulation and correlation with disease prognosis in numerous cancers. No wonder that in the last few years the interest of pharmaceutical companies in HGF/Met inhibitors has boosted dramatically. Upcoming challenges include the optimization of new and more specific drugs, the first clinical evaluation of a Met-targeted therapy, and the identification and selection of patient populations that will benefit mostly from treatment. Moreover, since HGF/Met signaling has been implicated in chemo-and radio-resistance of tumors (124) , the combination of HGF/Met inhibitors with the current cancer drugs could result in a more effective but less toxic therapy.
From a clinical point of view, studies of the molecular mechanisms that drive invasive growth and tumor cell metastatization should provide a valuable direction in the development of targeted therapies. Met, as master switch of cancer progression, is surely an optimal pharmacological target, but in the future, enucleating all the steps of the neoplasia will enable the study of "magic bullets" that block cancerous tissue efficiently and specifically without affecting ideally normal tissue functions.
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